 This study aims to produce antimicrobial biodegradable composite films. Polylactic acid (PLA) and poly[2-(tert-butylaminoethyl)methacrylate] (TBMA) are combined by using casting molding. The Fourier transform infrared spectroscopy (FT-IR) and differential scanning calorimetry (DSC) are used to evaluate the physical properties of the PLA/TBMA composite films. The antimicrobial tests are then used to assess the antibacterial efficacy of PLA/TBMA composite films against Staphylococcus aureus (S. aureus) and Escherichia coli (E. coli). The FT-IR results indicate that the incorporation of TBMA does not influence the chemical structure of the composite films as the composites are a product of physical blending. The DSC results indicate that the incorporation of TBMA causes the crystallization temperature of PLA to increase. Finally, the composite films have proven to be bacteriostatic against S. aureus, and antibacterial against E. coli.
INTRODUCTION
People have higher standards for health with their increasingly improved quality of life. Many scholars have thus been focused on the development of the functions of daily commodities, such as antibacterial properties. Antibacterial materials are Antibacterial materials can be yielded via using inorganic sanitizers, organic sanitizers [2] , natural sanitizers [3] , and polymer sanitizers [4, 5] . PLA [6, 7] possesses satisfactory mechanical properties [8] , thermal stability, biodegradability, and biocompatibility. As a result, it has been pervasively applied to packagings and medical/sanitary fields. Discarded PLA can also be degraded fast [9] and is thus deemed as a good environmentally protective plastic. In addition, poly[2-(tert-butylaminoethyl)methacrylate](TBMA) is a newly invented antimicrobial polymer [10] that is hydrophobic. TBMA is produced via an atom-transfer radical-polymerization (ATRP) [11, 12] . Therefore, its structure has NH + positive charges that adsorb the negative charges of bacteria, and thereby jeopardizing the cell walls of the bacteria and eventually having the bactericidal efficacy.
This study aims to develop eco-friendly packagings [13] with antibacterial efficacy. Antibacterial TBMA [14] is formulated by using methylene dichloride as its solvent, followed by being blended with PLA. The mixtures are then formed into PLA/TBMA [15] composite films by using the casting molding. The composite films are evaluated in terms of chemical structure via FT-IR, thermal behavior via DSC, and antimicrobial efficacy [16, 17] against S. aureus and E. coli [18] [19] [20] . 
Preparation of PLA/TBMA Composite Films
Different amounts of TBMA (3, 6, 12, and 24 wt%) are formulated with methylene dichloride as its solvent. The formulated TBMA powders are respectively blended with 1 g PLA at 50 o C with a magnet mixer at a running frequency of 50 rpm for six hours. The PLA/TBMA mixtures are then cast in a glass dish with a diameter of 9 cm via the casting molding method. After the solvent is evaporated for 24 hours in a ventilation cabinet, the dish is dried at 60 o C for 12 hours in a vacuum oven to ensure a complete removal of the solvent. The PLA/TBMA composite films with a thickness of 0.2mm are then yielded.
TESTS Fourier Transform Infrared Spectroscopy (FT-IR)
The chemical structure of the PLA/TBMA composite films is measured within a scanning range of 600~4000 cm -1 via using an FT-IR (IRAffinity-1, SHIMADZU Corporation, Japan.) The control group uses the air as the background for blocking-out. Samples are then scanned with the same frequency, and the collected data is analyzed.
Differential Scanning Calorimetry (DSC)
A total weight of 8-10 mg PLA/TBMA composite film is sealed in an aluminum plate. The plate is placed in a DSC (Q20, TA Instruments, USA), and is then heated (1) where X c is the degree of crystallinity (%), ΔH m is the melting enthalpy(J/g), ΔH c is the crystalline enthalpy (J/g), and φ is the ratio of the fillers in the composite film (%). ΔH°m refers to the enthalpy of 93.6 (J/g) when PLA is 100% crystalline.
Antimicrobial Tests
A small amount of colony (S. aureus or E. coli) that is scratched from the bacteria dish is added to a culture tube in order to formulate lysate with a concentration of 5 x 10 8 . Then, 1 μL of the lysate is used to smear the agar in a culture dish. The PLA/TBMA composite films are trimmed into a round shape with a diameter of 6 mm. Samples are placed into the culture dish, followed by being cultured at 37 o C in an incubator for 18 hours. The inhibition zones surrounding the samples are observed and compared. The control group only uses composite films without S. aureus or E. coli. The experimental and control groups are compared in terms of their antibacterial efficacy.
RESULTS AND DISCUSSION

Chemical Structure
As indicated in Figure 1 (a) , pure TBMA has the characteristic peak of an ester bond (C=O) at 1750 cm-1 and the characteristic peak of an amid bond (NH) at 3100 cm -1 . In addition, PLA has the characteristic peak of an ether bond (-C(=O)-O at 1052, 1140, 1182, and 1273 cm -1 , as indicated in Figure 1 (b) . When a great amount of TBMA is added to the composite films, the characteristic peak of amid bond (NH) at 3100 cm -1 is enhanced, while other characteristic peaks are in conformity with those of PLA and TBMA. These results indicate that the chemical structure of the PLA/TBMA composite films is primarily constructed by PLA and TBMA via a physical blend. 
Thermal Behavior
According to Figure 2 and Table 1 , PLA has a glass transition temperature of 55.5 o C. After TBMA is added, the molecular chains of TBMA and PLA are entangled, which in turn limits the mobility of PLA molecular chains, and eventually increases the glass transition temperature. In contrast, the incorporation of TBMA barely influences the melting temperature of PLA, indicating that TBMA does not pertain to the crystal stability of PLA. Moreover, the crystallization temperature of pure PLA is 108 o C, and the addition of 6wt% TBMA results in a crystallization temperature of 119 o C. These results are ascribed to the incompatibility between TBMA and PLA. Therefore, TBMA becomes the nucleating agent for PLA, which has a positive influence on the crystallization temperature of PLA. Antimicrobial Test Figure 3 shows the antibacterial efficacy of PLA/TBMA composite films against S. aureus and E. coli. The composite films do not possess any solid antibacterial efficacy against S. aureus (Figure 3 (a) ), as exemplified by the absence of bacteria. Namely, the composite films have only a bacteriostatic efficacy, and are surmised to have an antibacterial efficacy with a more concentrated TBMA content. In contrast, the composite films show a positive antibacterial efficacy against E. coli with the increasing TBMA content, indicated by the presence of zones of inhibition ( Figure  3(b) ). The zone of inhibition against E. coli occurs when the TBMA is 6 wt%, and furthermore, the size of the zone of inhibition is then proportional to the TBMA content. When the amount of TBMA over the surface of PLA is increased, more TBMA is exposed to have contact with bacteria. The positive-charge contained ions (NH + ) of TBMA then exchange with Ca 2+ and Mg 2+ of the cellular membranes. Afterwards, NH + interacts with the negative charges of the cell walls. The unbalanced positive and negative charges cause a force that damages the cell walls and then stops the bacteria growth. As a result, the composite films obtain the antibacterial efficacy against E. coli. 
CONCLUSION
This study uses the casting method for the preparation of PLA/TBMA composite films. The test results suggest that the chemical structure of the PLA is not correlated with the combination of TBMA, which has proven that PLA and TBMA are combined via a physical blend. In addition, the combination of TBMA also has a positive influence on the glass transition temperature and crystallization temperature of PLA. The antibacterial test results suggest that the composite films have a significant antibacterial efficacy against E. coli, and the higher the TBMA content, the greater the antibacterial efficacy. The proposed PLA/TBMA composite films are expected to be applied to antibacterial packaging materials and agricultural films.
